The genetics of murine susceptibility to Toxoplasma gondii was investigated in inbred mice and their F, and F2 offspring. Among four strains of congenic mice of the B10 background, those with H-2ala and H-2b/b genotypes were more susceptible than were those with H-2d/d and H-2k/k genotypes. Breeding studies utilizing three of these strains demonstrated linkage between the H-2a allele and greater susceptibility. These data suggest the existence of an H-2-linked gene affecting susceptibility to T. gondii. In challenge of recombinant inbred mice derived from C57B1/6J (high susceptibility) and BALB/c (low susceptibility) strains, lines BE, BJ, and BK were more susceptible than lines BD, BG, BH, and BI. These data are consistent with the existence of a second disease susceptibility gene linked to the H-13 locus. F, offspring,.of the C57B1/6J x B10.D2 mice were significantly less susceptible than either parent. This phenotypic complementarity suggests the presence of more than one genetic mechanism of resistance to T. gondii. From these combined data, we conclude that (i) susceptibility to T. gondii in mice is affected by at least two genes, (ii) one of the genes is linked to the H-2 and one to the H-13 locus, and (iii) more than a single mechanism of resistance must be considered to explain the observed genetic controls of susceptibility.
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We have previously demonstrated differences in susceptibility to Toxoplasma gondii among inbred strains of mice (1) . Our data, along with the recently published observation by Kamei et al. (6) of a strain of mice highly susceptible to T. gondii, are consistent with the hypothesis that genetic factors determine the differences in susceptibility observed. In this report we present data that demonstrate that at least one of the genes determining Toxoplasma susceptibility is linked to the murine major (H-2) histocompatibility locus, and that another is possibly linked to the H-13 locus. Furthermore, because of the presence of phenotypic complementarity, it appears that at least two of the disease susceptibility genes may function through different mechanisms.
MATERIALS AND METHODS Animals. The (15) . After it was shown that filtration was unnecessary for this experimental model, in subsequent experiments the peritoneal fluid was processed by disrupting the small numbers of host peritoneal cells by repeated passage through a 27-gauge needle without subsequent filtering.
Mice were inoculated with T. gondii either intraperitoneally (i.p.) or subcutaneously, the latter method producing a less virulent infection. The inoculations were administered as a suspension of trophozoites in 0.2 ml of Hanks balanced salt solution. Mice were given water and laboratory chow ad libitum, and no medications were administered. Mortality was recorded daily for 25 to 30 days. Animals dying during this period, as well as survivors, were examined for the presence of T. gondii infection as previously described (16) . H-2 typing. H-2 typing was performed by standard hemagglutination and/or lymphocyte microcytotoxicity techniques (3, 17) . Alloantisera D2, D4, Dll, D21, D23, and D32, obtained from the National Institutes of Health Serum Bank, Bethesda, Md., were used to identify H-2 alleles in specific F2 experimental mice.
Statistics. Statistics were performed by the chisquare method or Mann-Whitney U test (10, 12 Susceptibility and the H-13 locus. Based on our previous studies (1), it was considered highly probable that genes at loci other than H-2 would also affect susceptibility to T. gondii. Therefore, recombinant inbred mice originating from BALB/c x C57B1/6J were tested to seek correlations between susceptibility and several identifiable genetic markers (2) . Of the two original parental strains, the C57B1/6J mice are significantly more susceptible than the BALB/c mice; e.g., as seen in Fig. 3 , cumulative mortality in males challenged with 5 x 102 Toxoplasma i.p. at day 15 was 68% for C57B1/6J and 0% for BALB/c (P < 0.01). In Fig. 4 is shown the cumulative mortality figures for males of each of the recombinant inbred lines. The BK mice were clearly most susceptible (e.g., cumulative mortality on day 14 for BJ, 81% for BK, 25% for BH, and 25% for BD). The relationship of rank order of susceptibility to the H-13 locus will be discussed below.
Toxoplasma challenge and experiment reproducibility. Because of the technical difficulty of preparing the large numbers of organisms necessary for these experiments, the virulence of each preparation was not necessiarily the same between different experiments (1). Therefore, all comparisons between groups of mice were for animals tested concurrently with the same preparation of T. gondii. As a result of this variation in virulence, the inoculum size in some experiments was not optimal for revealing differences between mouse strains, and, therefore, some differences among groups did not achieve statistical significance. This problem was most apparent in the experiments with congenic mice. For example, in some experiments comparing B1O .A with BlO.D2, or BlO.A with B1O.BR, differences in mortality between parental groups was statistically significant despite the fact that the differences between the F2 homozygotes were not present or did not achieve statistical significance. All statistically significant differences were consistent and in the direction reported.
Phenotypic complementarity. Mortality of (BlO.D2/n x C57B1/6J) F1 offspring was compared with mortality of each parental strain at different doses of Toxoplasma (Fig. 5a, b , and c). With the least virulent challenge (5 x 104 organisms subcutaneously, Fig. 5a ), only marginal statistically insignificant differences were observed, with all mice relatively resistant. With the inoculum of intermediate virulence (5 x 103 organisms i.p., Fig. 5b ), C57B1/6J parents were slightly less susceptible than B1O.D2/n parents, but F1 mice were completely resistant (P < 0.003 at day 30). At a higher i.p. challenge dose (Fig.  5c) , both parents were equally and highly susceptible, whereas the F1 offspring remained distinctly less susceptible than the parents (P < 0.003 at day 14). The same phenomenon of increased resistance ofhybrids was also observed (data not shown) with B10.D2 and BALB/b (congenic with BALB/c but possessing the H2b allele instead of H-2d) and their F1 offspring.
DISCUSSION
Variation in susceptibility of mouse strains to a variety of bacterial and viral infections has been well known for many years (18, 19) . The genetics of resistance has been explored in depth for some viral infections. For example, host immunity to intracerebral injection of lymphocytic choriomeningitis virus in mice has been shown to be controlled in part by a dominant gene 100 -a closely linked to the H-2 locus (11), a chromosomal region that contains genes governing specific immune responses, mixed leukocyte reactiv-80 -ity, and graft rejection (7, 9) . The genetics of resistance to other nonviral pathogens which are primarily intracellular are much less clearly 60 -defined. For example, murine resistance to Sal-/ l monella typhimurium was earlier thought to be linked to the H-2 locus (14) . appears that more than one mechanism of action for different infection susceptibility genes must be invoked to explain the phenotypic complementarity involved.
In conclusion, our data demonstrate that murine susceptibility to T. gondii is under multigeneic control with at least one of the genes linked to the H-2 locus, and different mechanisms of action are suggested for some of the infection susceptibility genes because of the phenomenon of genetic complementarity. The availability of congenic animals differing at only one of these disease susceptibility genes should permit development of a model in which it would be possible to isolate and identify the mechanism of action of that particular gene through a study of different aspects of the immune responses to infection of susceptible versus resistant strains.
